Abstract. The gas microstrip detector (GMSD) makes an excellent planar (position sensitive) amplifier of incident electron clouds because both the anodic and cathodic gaindefining elements are produced lithographically on the same rigid substrate. We have studied the dependence of the gas gain and pulse height resolution of the plate as a function of various geometric and gas parameters. The results show that a GMSD can be made very insensitive to the shape of the drift electrode, allowing it to be used in a wide variety of applications. An example of an electron-yield XAFS study is given. The aim of this work is to produce a well defined technology platform from which to build detectors that meet the requirements of high flux synchrotron radiation and neutron facilities, both of which are key CLRC facilities.
I. INTRODUCTION
he present proliferation of Synchrotron Radiation Sources capable of producing extremely intense beams of x-rays leads to an ongoing search for x-ray detecting systems capable of exploiting the potential high photon statistics in typical materials studies such as X-ray Absorption Fine Structure (XAFS) and small (and large) angle scattering. There is a natural preference that such detectors should (if possible) be counting systems which can (in principle) be limited in resolution only by the counting statistics. Attention has turned to the classic gas-filled wire proportional counter which is, however, severely limited in its rate capability and working geometry. A form of gas proportional counter which has much more attractive properties for these demanding applications is the Gas Microstrip Detector (GMSD).
Introduced by Oed [1] , the GMSD were subjected to a decade of continuous development for particle tracking applications in the demanding environment of the next [2] [3] [4] [5] [6] [7] , the GMSD has been demonstrated to possess rate and lifetime capabilities never previously seen in gas-filled counters. In particular, operation has been demonstrated at rate densities of up to 1MHz/mm 2 of plate [8] and useful lifetimes corresponding to several months of continuous running at these rates [9] . In this paper we report the results of detailed studies of the effect of different design and operational parameters on the gain of the GMSD and show that stable and flexible operation is possible with GMSDs in the experimental configurations necessary for high rate operation on SRS experiments.
II. EXPERIMENTAL SETUP
The GMSD consisted of the Schott S8900 glass plate with the metallised electrode pattern supported at a suitable distance from a drift cathode. The lithographic strip pattern of 300µm period, 90µm wide cathodes and a range of anode widths varying from 2µm to 10µm was laid down on the plate which plated 0.5µm of gold on to of a thin nickel substrate. The strips are bussed into groups of twenty with the anode and cathode connections collected in large pads at each end and to which simple pressure connections are made. The active area of each section is 12mm (along the strips) and 6mm across. There are seven such sections (each independently connected) on a glass plate measuring 50mm square. Within each section the anode width is constant but it is varied between sections within the range 2µm to 5µm. A separate plate (of otherwise identical design) is used for the data on 10µm anodes.
The drift electrode and cathodes are operated negative with respect to the anodes which are held close to earth and connected to a standard Ortec pulse height analysis chain with 1µs shaping time constants in the main amplifier which in turn feeds a pulse height analyser. Gain calibration is arranged J A Mir, J E Bateman, J F Connolly, G E Derbyshire, D M Duxbury, J Lipp, J E Simmons, E J Spill and R Stephenson T Studies of the Gain Properties Of Gas Microstrip Detectors Relevant to Their Application As X-ray and Electron Detectors by means of an Ortec precision pulser which supplies a known test charge to the preamplifier input
In the tests described an x-ray source of Mn x-rays ( 55 Fe), at 5.9keV, illuminates the detector drift space parallel to the plate through a melinex foil window in the end wall of the detector chamber. The x-ray beam passes over the seven sections in turn and allows comparative gain studies with different anodes to be made with the same gas mixture and ambient conditions.
The ambient pressure and the temperature of the detector box are recorded with every measurement.
III. BASIC GAIN STUDIES
At first sight the problem of providing a meaningful parameterisation of the gain of a GMSD is a daunting prospect. First one must solve Laplace's equation to get the electric field in the region of the anode (see reference [10] ) and integrate the Townsend coefficient along the drift paths of the electrons approaching the anode. Further, this field is controlled by two independently variable potentials on the cathode (V c ) and the drift cathode (V d ) which can be replaced by an effective potential V that can be written as follows:
where α is a small fraction. In a previous study it was shown that there is a semiempirical relation which describes with great accuracy the gain characteristics of a wide range of gas counters in the general range of ambient conditions [11] :
where M is the gas gain, V is the anode-cathode potential difference and A and B are constants which depend on the field geometry, the ambient variables pressure (P) and temperature(T) and the atomic properties of the gas mixture. Fig 2 shows a series of gain curves plotted for a section of plate with 10µm anodes and varying fractions of isobutane quencher in the gas mixture. The abscissa of the gain plots is the effective potential defined in equation (1) above. Fits of the form of equation (2) are seen to be universally excellent and the values of A and B are now available to characterise the dependence of the gain on the gas mixture.
IV. GAIN DEPENDENCE ON STRIP GEOMETRY
It has been shown elsewhere [12] that the parameters A and B in equation (2) can be modelled on the version of the formula which can be derived explicitly for the case of a single wire, cylindrical proportional counter. As long as the anodecathode gap is greater than about 20% of the strip period we can approximate as follows:
where a is half the width of the anode strip and b the anodecathode gap. The parameters p and q include the nongeometric terms in the single wire formula and c is a fitted parameter which takes account of the divergence of the electric field from radial symmetry. Fig 3 shows the results of the measurement of the gain as a function of anode width at a constant bias potential along with the fit derived from equations (2) and (3) . Also plotted in Fig 3 is the maximum stable operating gain obtainable with each anode width in the given gas mixture. The turn-over in the gain as the electron mean free path approaches the anode dimension is well reproduced. In practical terms the flat region of gain around w=4µm reduces the demands on lithographic accuracy and the peak in the maximum permissible gain (w=3µm) offers a useful benefit.
V. GAIN DEPENDENCE ON THE DRIFT GAP WIDTH
The drift gap is the "working space" of the GMSD. The effect of changing the drift gap, D, on the gain was characterised by measuring the α parameter as a function of the drift gap width and also of the anode width (Fig 4) . Fig 5 shows α as a function of the strip width at a constant D = 11mm. The data from figures 4 and 5 can be analysed to produce a general expression for the value of α in this gas mixture (argon + 25% isobutane):
where w is the anode width in µm. Combining this parameterisation with the gain formula yields the dependence of the gain on the drift gap for a given anode width. As Fig 6 shows, provided D > 10mm the dependence of M on D is very weak (<2%/mm) giving great flexibility in drift electrode positioning.
VI. GAIN DEPENDENCE ON THE GAS MIXTURE
It can be shown that the relative sensitivity of the gain to the fraction of isobutane in a mixture with argon can be expressed as follows:
where x is the fraction of isobutane in the gas mixture (by volume) and dA/dx and dB/dx are evaluated from a graph of the parameters A and B derived from the fits to equation (2) in Fig 2. Using the A and B parameter fits in the gain model gives a general relation for the relative gain shift with gas mixture: 1/M dM/dx where x is the fraction of isobutane in argon. Fig 7 shows the functional form and the data fit for this parameter. In the standard operating mixture 1/M dM/dx = -0.095. The repeatability error of the Brooks meter is given as 0.25% which implies a dM/M of around 1.8%. Fig 2 shows that the maximum gain achievable with a 10 µm plate occurs at x=0.75. If one combines this with the optimum anode width (3µm) it is possible to achieve a stable gain of 10 000 with the 300µm pitch plate.
VII. GAIN DEPENDENCE ON AMBIENT CONDITIONS
The dependence of the GMSD gain on ambient conditions has been modelled elsewhere [11] on the basis of the gain model. Fig 8 shows the gain of the 2µm anodes over a one week period plotted as a function of q (= P/T) where P is the gas pressure and T is its absolute temperature. Fitting an exponential curve to the data automatically gives 1/M dM/dq and this evaluates to -0.28K/mB.
VIII. PULSE HEIGHT (ENERGY) RESOLUTION
The best relative pulse height resolution achieved by gas avalanche counters for 5.9keV x-rays is ≈14.5%FWHM and varies as E -1/2 if E is the energy of the x-ray. Electron transport problems can degrade this resolution as Fig 9 shows . At low drift fields electron attachment occurs and at higher fields a slow deterioration can occur due to changes in the electron drift paths to the anode. It was shown that the optimum resolution is dependent on w and that the narrowest anodes should be avoided for optimum energy resolution. Thus the optimum anode width (balancing the gain advantages against the pulse height resolution) lies at w = 4µm.
IX. APPLICATION OF A GMSD TO ELECTRON YIELD XAFS
The flexible geometry and gas regime of the GMSD make possible the performance of electron yield emission XAFS (Xray Absorption Fine Structure) studies. Samples were mounted in the drift electrode plane as shown in Fig 10 and can be changed ready for counting in about one hour. A 10µm (anode width) plate was used with four sections instrumented through to a counting system. A gas filling of helium + 10%isobutane made the counter transparent to the x-ray beam but sensitive to the auger electrons, giving a gas gain of 1200 with Vc=-700V, Vd=-2000V. Counting rates of >1MHz were achieved. Fig 11 shows the pulse height spectra obtained in a scan of the x-ray beam energy across the K shell edge of a nickel surface. The characteristic energy spectra of the escaping electrons are seen: below the K edge (8.213keV) the photoelectrons from L and M shells are seen and above the K edge (8.385keV) the addition of the K shell augers is clearly visible. The auger electron spectrum predicted by a simple montecarlo model is also shown. It is noticeable that detection of the incident beam has been very effectively suppressed by the use of the low Z (i.e. mostly helium) gas mixture. Fig 12 shows the XAFS scans produced by the counts recorded in four of the counter sections which faced the beam footprint on the sample. Analysis of this data demonstrated interesting physics/chemistry which is difficult to access in any other way.
X. CONCLUSIONS
In this work, we have identified the essential paramaters that determine the gas gain of GMSDs and incorporated them into an empirical gas gain formula. These parameters included the strip geometry, drift gap width, gas mixture and ambient conditions. From the results of extensive investigations and testing in SRS applications it is concluded that the GMSDs offer a unique combination of properties which invite application in internal and external counting experiments in SR.
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